The fertilization potential provides a fast block to polyspermy in lamprey eggs.
At fertilization, the membrane potential of the egg of the lamprey, Lampetra japonica, shifted rapidly from its resting value of -12 to +36 mV and gradually returned to about the same resting level (fertilization potential). The amplitude of depolarization was influenced by the external Cl- concentration and by an anion channel blocker, DIDS, indicating that the positive shift of membrane potential resulted from Cl- efflux. A similar change in membrane potential (activation potential) was observed when the unfertilized egg was pricked with a fine needle or treated with A23187 to induce parthenogenetic activation. Pricking at the animal pole region (predetermined site for sperm entry) resulted in the occurrence of an immediate activation potential and the initiation of cortical granule exocytosis. A time lag between the pricking and the occurrence of the activation potential was observed when the egg was pricked at a distance from the animal pole. In this instance, the activation potential was produced immediately before the propagating cortical granule exocytosis initiated at the pricked site reached the animal pole region. Sperm-egg fusion was blocked in eggs voltage-clamped at +20 to +40 mV and inseminated, whereas it took place in eggs clamped at -60 to 0 mV. However, most eggs clamped at +20 to +40 mV did activate, indicating that the voltage dependence of egg activation differs from that of sperm-egg fusion. Although eggs voltage-clamped at negative membrane potentials permitted multiple sperm to fuse with the egg plasma membrane, the nucleus of the fused sperm did not necessarily enter the ooplasm. We conclude that: (1) A fast electrical block against polyspermy operates in this species and is effective for about 160 sec of the onset of the positive shift; (2) the opening of Cl- channels is responsible for the potential change; (3) the channels are largely localized in the animal pole region; (4) during voltage clamp at positive potentials, eggs can be activated without sperm-egg fusion; and (5) during voltage clamp at negative potentials, sperm-egg fusion occurs, but sperm entry into the egg cytoplasm does not always proceed.